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ABSTRACT 

We report the discovery of an unusual source of extended X-ray emission CXOU 
J184846.3-013040 ('The Stem') located on the outskirts of the globular cluster 
GLIMPSE-C01. No point-like source falls within the extended emission which has an 
X-ray luminosity Lx(0.3-8 keV) ~ 10 32 ergs s _1 and a physical size of ~ 0.1 pc at the 
inferred distance to the cluster. These X-ray properties are consistent with the pulsar 
wind nebula (PWN) of an unseen pulsar located within the 95-percent confidence error 
contour of unidentified Fermi 7-ray source OFGL J1848. 6-0138. However, we cannot 
exclude an alternative interpretation that postulates X-ray emission associated with 
a bow shock produced from the interaction of the globular cluster and interstellar gas 
in the Galactic plane. Analysis of the X-ray data reveals that 'The Stem' is most sig- 
nificant in the 2-5 keV band, which suggests that the emission may be dominated by 
non-thermal bremsstrahlung from suprathcrmal electrons at the bow shock. If the bow 
shock interpretation is correct, these observations would provide compelling evidence 
that GLIMPSE-C01 is shedding its intracluster gas during a galactic passage. Such a 
direct detection of gas stripping would help clarify a crucial step in the evolutionary 
history of globular clusters. Intriguingly, the data may also accommodate a new type 
of X-ray source. 

Key words: X-rays: general - gamma rays: observations - globular clusters: general 
- stars: neutron 



1 INTRODUCTION 

For decades, the Galactic plane has been a s ource of amaze- 
ment and unexpected X-ray discover i es llGiacconi et al.l 
Il97ll . Il979l : iTanaka. Inoue. fc Holtj|l994l ; IVoges et al.ll 19991 ). 
The current generation of X-ray satellites Chandra and 
XMM-Newton are the latest to extend the census of X-ray 
sources along the Galactic plane to unpr ecedented depths 
jMotch et al'f 120051 : iGrindlav et~aH l2005t ). Together these 
experiments have revealed a rich tapestry of X-ray bina- 
ries, neutron stars, pulsar wind nebulae (PWNe) , supernova 
remnants, coronal emitting stars, and non-thermal filaments 
along the Galactic plane. However, for every physical object 
identified with high confidence, the literature is plagued by 
an equal or greater amount of X-ray sources that continue 
to elude firm iden tifications (|Wang. Gotthelf. fc Langll2002l ; 
iMuno et al.l 120081 ). Frustratingly, a combination of high ex- 
tinction, excessive crowding, and the lack of direct distance 
indicators prevent further progress in the identification of 
many of these sources. 

During a routine multiwavelength survey of 7-ray error 
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contours produced by the Fermi mission ( Mirabal 2009), we 
have encountered the latest puzzling source connected with 
the Galactic plane. The object CXOU J184846. 3-013040 - 
which we nickname 'The Stem' - corresponds to a source 
of extended emission in the outskirts of GLIMPSE-C01. 
The low-latitude Globular Cluster GLIMPSE-C01 is located 
in the Galactic plane at (I, b) = (31.°3, — 0.°1) and was 
discovered during Galactic plane scans conducte d by the 
Spitzer Space Observatory (|Kobulnickv et al. 200 5f) and the 
Two Micron All Sky Survey (2MASS; ISimpson fc Coteral 
[200J). Subsequently, superb observations with the Chandra 
X-ray Observatory revealed a population of X-ray point-like 
sources with lumin osities Lx > 6 x 10 3 1 ergs s _1 around the 
core of the cluster (|Poolev et al.ll2007l ). 

'The Stem' is an extended source of emission placed well 
outside the cluster centre and is remarkable for two com- 
pletely different reasons. First, it lies within the 95-percent 
confidence erro r contour of unident if ied Fermi source OFGL 
J1848 .6-0138 (|Abdo et al.1 l2009al : iLuaue-Escamilla et all 
2009). If powered by a compact object, 'The Stem' would 
constitute a formidable counterpart candidate for the 7-ray 
emitter. The second reason, unrelated to the 7-ray emis- 
sion, is the fact that the position of GLIMPSE-C01 along 



2 N. Mirabal 



31.3 


20 \*\' • ' '^.31 2 


90 

• 


31.3 


* r , 

20 / 31 .2 
/ 


90 


31.3 


20 / 31 .2 
/ 




-0.090 


; a • 

i 


'.Vv. • 

"he Stem 


-0.090 

1 


' • 

^— ! ' 


•* 

"he Stem 


-0.090 — 


f • > 

■f ' |- — : — ' — 


he Stem 


-0.120 

■ ' 


(2 | 




-0.120 


(2 | 




-O.I 20 

• 


(2 | 





Figure 1. Le/i panel: 0.3-2 keV Chandra image. Mi ddle panel: 2-5 keV Chandra image. Right panel: 5—8 keV Chandra image overlain 
with the Fermi error contour (dashed line) derived bv lAbdo et al. (2009a). The X-ray images have been smoothed with a Gaussian kernel 
with radius r^ = 2.5". The superposed arrows mark the location of the 'The Stem'; as well as the extended trail emission designated X2. 
The field size is ~ 3.5' X 3.5'shown in Galactic coordinates. North Galactic Pole is in the direction of the top of the figure and longitude 
increases toward the left. 



the Galactic plane indulges us in that rare geometrical ar- 
rangement where a Globular cluster is caught in the act of 
crossing the Galactic plane. This is the precise moment in 
which the cluster is believed to interact with the interstel- 
lar medium (ISM) and proceed to shed some of the intra- 
cluster medium accumulated from the continuous mass loss 
of individual stars withi n the cluster (|Frank fc Gislerlll97fj ; 
iFaulkner fc Smithlfl99ll ). 

In order to weigh the merits of each possibility, we anal- 
yse archival Chandra images; as well as infrared observations 
of 'The Stem' obtained with the Spitzer Space Telescope. 
The organization of the paper is as follows. §2 describes the 
observations. Spectral fits are summarized in §3. In §4 we 
discuss alternative models for the X-ray emission. Finally, 
conclusions and future work are presented in §5. 



2 OBSERVATIONS 

X-ray observations of GLIMPSE-C01 and surrounding re- 
gions were obtained with the Advanced CCD Imaging Spec- 
trometer (ACIS) onboard the Chandra X-ray Observatory 
on 2006 August 15-16 UT. The total exposure time for the 
observation was ~ 46 ks. The Chandra data were analysed 
using CI AO version 4.1.1 and version 4 of the calibration 
database (CALDB). Apart from the population of point-like 
sources associated with the cluster, the ACIS image reveals 
an extended source of emission CXOU J184846. 3-013040 
centered at (J2000.0) R.A.=18 h 48 m 46f3, decl.=-01°30'40". 
The source lies 79 arcsec from the cluster centre and appears 
to have an extent of « 5 arcsec in radius, although it seems 
slightly elongated. We designate this source 'The Stem' that 
in this context can be understood as the front part of a mov- 
ing object (GLIMPSE-C01), as will be clear later on. 

Figure [T] shows the resulting smoothed Chandra ACIS- 
S3 chip divided in soft (0.3-2 keV), medium (2-5 keV), and 
hard (5-8 keV) bands. In all cases, the X-ray images have 
been smoothed with a Gaussian kernel with radius = 
2.5". We find that the Chandra images are dominated by 
point-like sources surrounding the cluster core already dis- 
cussed bv lPoolev et al.l ([2007). Away from the cluster core, 



two separate regions of extended emission are visible. 'The 
Stem' corresponds to the area located on the northwest cor- 
ner. There is also evidence for a fainter trail of extended 
emission (which we dub X2) that can be made out in the 
southeast corner of GLIMPSE-COT Both 'The Stem' and X2 
are revealed most prominently (9.4 a level of significance for 
'The Stem') in the medium (2-5 keV) band. For complete- 
ness, we note that the said sources do not show extreme 
variability over the span of the observations. 

To investigate the radial distribution of the extended 
X-ray emission Sx across the cluster, we removed all the 
bright point-like sources within the half-light radius of the 
cluster. We next proceeded to extract net counts in a se- 
quence of tangent circles (of radius equivalent to 10 pix- 
els) starting at the centre of the globular cluster. Back- 
ground counts were computed from source-free regions lo- 
cated ~ 2.5' from the cluster center. To determine Sx, the 
number of counts in each region were divided by its respec- 
tive area in square arcsec. The derived radial brightness pro- 
file is shown in Figure [2] The profile shows an initial peak 
dominated b y extended emissio n associated with the glob- 
ular cluster ( Poolev et al.|[2007l ). Away from the centre, the 
most striking feature in the surface brightness profile is the 
jump that occurs near 79 arcsec that coincides with the posi- 
tion of 'The Stem'. Such a sharp discontinuity in the profile 
excludes significant contamination from background emis- 
sion in surrounding regions. 



3 SPECTRAL ANALYSIS 

In order to characterize the X-ray spectrum of 'The Stem', 
counts were extracted from a circular region with a 20- 
pixel radius (9.8") centered at (J2000.0) R.A -18 h 48 m 46f3, 
decl.=— 01°30'40". The background was extracted from a 
source- free region with similar radius. Within this region, 
we obtained 103 source events in the 0.3-8 keV band. As a 
last step, the extracted photons were grouped to a minimum 
of 15 counts per bin. Spectral fits to X2 are omitted since 
it comprises a series of low-significance structures rather a 
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Figure 2. Radial brightness profile Sx in the 2—5 keV band as a 
function of radius. The bright jump in the profile 79 arcsec from 
the centre corresponds to the location of the extended source of 
emission ('The Stem'). 
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Figure 3. Chandra ACIS-S3 spectrum of 'The Stem' and best- 
fitting absorbed power-law model as described in the text. 

single continuous region. Herein, we shall discuss X2 only in 
terms of specific X-ray bands. 

The resulting spectrum was modelled using the X-ray 
fitting package XSPEC. Several models provide statistically 
acceptable fits to the data. A power-law model results in 
a steep photon index V — 3.1 ± 0.8 and a rather high 
Galactic H I column density A H = (6.0 ± 2.6) x 10 22 cm" 2 



(Xred = 1-1)- Here and throughout the text, error on indi- 
vidual parameters are quoted at the one-sigma level. The 
derived value of Ah is in excess of the total Galactic column 
density A H = 1.7 x 10 22 cm" 2 obtained from the nH tooQ 
The fit worsens if the absorption if Ah is treated as a fixed 
parameter. Because of the low number of photons associated 
with other point sources around the core, no additional con- 
straints can be placed on the column density for the cluster. 
The resulting spectrum and best-fitting power-law model for 
'The Stem' are shown in Figure [3] 

For comparison, a black-body model yields fcT = 0.9 ± 
0.2 keV and a column density A H = (3.0 ± 1.5) x 10 22 cm" 2 
(Xred = 1-5) closer to the value inferred using the nH tool. A 
thermal bremsstrahlung model with fcT = 3.0 ± 1.2 keV and 
A H = (4.6 ± 1.2) x 10 22 cm" 2 ( X 2 red = 1.3) is also a possibil- 
ity. Lastly, a Raymond-Smith model with solar abundance 
results in fcT = 2.1 ± 0.7 keV and A H = (5.5 ± 1.4) x 10 22 
cm" 2 (x 2 red = TO). 

With the variety of models allowed by the observa- 
tion, attempting multi-component models become a super- 
fluous exercise. Instead, we choose to restrict the rest of 
our analysis to the models considered here. It might be the 
case that the actual X-ray spectrum is best explained by 
multi-component fits, but better and deeper observations 
will be needed to settle this point. Independent of the spe- 
cific model, we derive an unabsorbed flux in the 0.3-8 keV 
band of « 6.3 x 10~ 14 erg cm" 2 s" 1 for a fixed column den- 
sity A H = 1.7 x 10 22 cm" 2 . 



4 POSSIBLE INTERPRETATIONS OF THE 
EXTENDED EMISSION 

4.1 A Pulsar Wind Nebula within the error 
contour of OFGL J1848. 6-0138? 

A PWN seems to offer a natural explanation for 'The Stem'. 
In this picture, the pulsar wind shocks with the ISM and 
creates a nebula morphology t hat emits synchrotron ra- 
diation (Gaen sler fc Slang 120061 ) . In order to evaluate this 
possibility further, we examined an infrared map composed 
from 3.6, 5.8, and 8.0pm images obtained by the Spitzer 
Spa ce Telescope with the I RAC instrument on 2004 April 
21 (|Kobulnickv et al.ll2005h . Figure U shows the three-color 
image of this region overlain by the X-ray contours de- 
rived from the Chandra observation. Note that the area 
around 'The Stem' itself is void of bright stars, which ap- 
pears to exclude a chance alignment of coronal emitting stars 
or novae that could e xplain the extended X-ray emission 
(|Anderson et al.ll2003T l. 

Turning the bands around, Figure [5] shows the Chandra 
X-ray image overlaid with the infrared contours. From the 
figure, we can see that 'The Stem' is properly aligned with 
a distinct infrared structure growing continuously from the 
main plume of infrared emission. We argue that the mor- 
phological correspondence suggests that the extended X-ray 
emission lies at the same distance as GLIMPSE- C01. As 
noted bv lPfahl. Rappaport. fc Podsiadlowskil l|2002l '). a frac- 
tion of neutron stars or potential neutron star progenitors 
could be ejected from the core but remain bound to the 

1 http:/ /heasarc. gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh. pi 
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Figure 4. Infrared composite constructed from IRAC 3.6, 5.8, 
and 8.0 jim images obtained by the Spitzer Space Telescope. The 
overlain contours indicate the brightest X-ray features. The po- 
sition of 'The Stem' is clearly void of bright infrared point-like 
sources. Also shown is the position of low-level emission X2. Field 
is plotted in Galactic coordinates (latitude increases upward) and 
it spans 3.5' X 3.5'. 
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Figure 5. Smoothed Chandra observation of GLIMPSE-C01 in 
the 2-5 keV energy band, showing 'The Stem' and X2. Overlain 
contours correspond to the infrared emission constructed from an 
IRAC 8.0 /an image obtained with the Spitzer Space Telescope. 
The figure is in Galactic coordinates (North Galactic Pole is up). 
The field size is ~ 3.5' X 3.5'. 



cluster as a result of dynamical interactions. The placement 
of 'The Stem' may be the result of one such interactions. 
However, actual physical membership in the cluster is not a 
requirement for a PWN interpretation. 

Assuming that indeed 'The Stem' lies at the distanc e 
to the globular cluster D = 4 kpc (|Poolev et all |2007h . 
the unabsorbed flux implies an X-ray luminosity Lx ~ 
10 32 ergs s _1 in the 0.5-8 keV band. Such value is gener- 
ally consistent with observed values for well-studied PWNe 
l)Cheng. Taam. fc W ang 2004). Similarly, the derived spatial 
extent of the source (~ 5 arcsec in radius) translates to ~ 
0.1 pc at this distance. We note that this value is also per- 
fectly in line with the values reported for the termination 
radii of PWNe (Cheng et al. 2004). The overall agreement 
with typical values of known pulsars provides encouraging 

evidence for a PWN interpretation. 

Owing to the lack of radio emission, iKobulnickv et all 

l|2005l ) have also reported a radio upper limit of 1.4 mjy 
for point-like sources within this region based on 1.4 GHz 
observations obtained with the Very Large Array (VLA). 
An integration of the radio upper limit from 10 7 to 10 11 Hz 
with an assumed flux density S v cx v a and spectral index 
of —0.4 implies a a radio luminosity upper limit Lr < 10 30 
ergs s _1 . We note that such low v alue is not unprecedented 
for th e emission of PWNe in radio (|Frail fc Scharringhauser] 
1 19971 ). 

It is only when one turns to the spectral properties 
of the source that a potential problem arises. A pure syn- 
chrotron model, the spectrum should be characterized by 
a power-law spectrum with photon indices 2 < T < 2.5 
l|Gaensler fc SlaneH2006r) . The power-law fit of the observed 
spectrum from 'The Stem' gives F ~ 3.0 consistent with a 



rather steep electron spectral index p > 4.0. As a possible 
way out of this challenge, we postulate that the observed 
X-ray spectrum most likely comprises a complicated mix- 
ture of non-thermal and thermal components of the as-yet 
unresolved X-ray point-like source powering the nebula. We 
point out that a two-component model consisting of a black- 
body plus a power-law component requires a non-thermal to 
thermal flux ratio (0.3-8 keV) in the range of ~ 2. Such ratio 
is consistent with that observe d for rotation-powered pulsars 
|Cheng. Taam. fc Wang||2004h . 

Previous X-ray observations of PWNe have also shown 
that the pulsar itself is usually revealed as a point so urce 
within the nebular morphology (Gaen sler fc Slanell2006l ). In 
this instance, it is possible that the pulsar itself is disguised 
by an overluminous clump of extended emission. Otherwise, 
the pulsar might have moved well outside the observed pul- 
sar wind nebula. Moving with a transverse velocity ~ 500 
km s -1 , it would require the pulsar at least 10 4 yr to reach 
the edge and even longer to disappear from the vicinity of 
the PWN. As stated earlier, deeper X-ray observations are 
needed to clarify these alternatives. 

On the basis of a PWN interpretation, 'The Stem' 
immediately becomes a potential counterpart candidate of 
the unidentified Fe rmi 7-ray source 0FGL J1848. 6-0138 
ilAbdo et all J200 9a) and more loosely HESS J1848-018 
l|Chaves et all 120081 ) ■ A previous multiwavelength search 
of the error Fermi 95-percent confidence error contour 
of 0FGL J1848. 6-0138 failed to produce any prominent 
counterpart candidate of t he unidentified 7-ray source 
|Luque-Escamilla et al.| [2009). Considering that a remark- 
able number of pulsar PWNe have been found to be 
coincident with bot h EGRET and Fer mi error contours 
l|Roberts et all 120051 ; lAbdo et all l2009al ). it is conceivable 
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that 'The Stem' is powering the 7-ray emission. Provided 
that the ratio of X-ray lumin osity Lx to spin-dow n power 
E lies in the range 10" 4 -0.1 (jHalpern et al.ll200lh . the hy- 
pothesized spin-down power of 'The Stem' pulsar should be 
10 33 -10 37 ergs s" 1 . These values of E are consistent with the 
range derived amon g the 7-ray pulsars discovered by Fermi 
jAbdo et al.ll2009bl ). 

Though this scenario appears feasible, it is important 
to realize that 'The Stem' is located at the tangent point of 
the Crux-Scutu m spiral arm w here there is a high density of 
unusual sources i|Valleell2008h . As a result, we warn that it 
will be difficult to prove a direct association with any 7-ray 
source in this region. 



lipticity of 0.44 nearly aligned with the X-ray shape. The 
consistency of the position angles derived in X-rays and in- 
frared favors the physical association of 'The Stem' with 
GLIMPSE-C01. Given the latter consideration, deeper ob- 
servations are needed to confirm or rule out the presence of 
low-level cometary structure surrounding 'The Stem'. 

If we adopt the bow shock interpretation, 'The Stem' 
would mark the apex of latest impact (moving south- 
north in galactic coordinates). Accepting this hypothesis, 
the stand-off distance of the bow shock r s can be approxi- 
mated from the balance between the medium ram pressure 
and the momentum flux of the stellar winds associated with 
red giant and asymptotic giant branch stars in the cluster, 



4.2 A globular cluster being stripped by the 
Galactic plane? 

Possibly the greatest challenge to the preceding explanation 
is the odd placement of 'The Stem' in the outskirts of the 
globular cluster GLIMPSE-C01. A typical globular cluster is 
expected to accumulate 10 2 - 10 3 Mq of gas mainly due to 
mass-loss from red giant and a symptotic giant branch stars 
within the cluster (lRoodlll973r ). Despite dedicated efforts in 
mapping globular clusters, an actual detec tion of this hy- 
poth esized intracluster gas remains elusive (|van Loon et al.l 
I2006T I. In order to explain the observed discrepancy, it has 
been suggested that most of the hypothesized intracluster 
gas could be shed during globular cluster passages through 
the G alactic plane (|Frank fc Gislerll 19761 ; iFaulkner fc Smith! 

EiED). 

Since globular clusters are predicted to be moving at 
velocities ~ 100-300 km s _1 , a particular associated predic- 
tion is that a bow shock should form at the interaction of 
the intracluster gas and the ISM. Yet, X-ray imaging have 
failed to f ind definite observational evidence for such in- 
teractions ( Krockcnbcrg er fc Grind lav 1995; lHopwood et al.l 
l200d : lOkada et all 120071 ) We argue that previous attempts 
to locate bow shocks have failed mainly due to two effects: 
(1) the majority of globular clusters reside within the low- 
density Galactic halo and (2) the waiting time for a future 
Galactic plane passage (~ 10 s yr) is largely unpractical rel- 
ative to a typical human lifetime. 

At a low Galactic latitude b = -0.°1, GLIMPSE-C01 
is ideally placed to search for such an encounter. Interest- 
ingly, 'The Stem' coincides nicely with a continuous infrared 
morphology gr owing out of the main inf rared plume (see Fig- 
ure EU). In fact. lKobulnickv et alj (|2005l ) originally suggested 
that much of the extension of GLIMPSE-01 both in infrared 
and submillimeter could be connected with intracluster de- 
bris stripped by the Galactic ISM. However, these authors 
lacked the X-ray imaging that could directly trace the bow 
shock from such interaction. 

When a moving object interacts supersonically with the 
ambient medium, one would expect the formation of a neb- 
ula with c ometary morpholo gy including a 'head' and a 'fan- 
like tail' l|Qlbert et al.ll200ll ). In our case, the X-ray image 
displays an enhanced region ('The Stem') that could only 
correspond the apex of the interaction ('head'). However, 
we find no evidence for the expected cometary morphology. 
An ellipse fit to 'The Stem' in the Chandra image gives an 
ellipticity of 0.64. For comparison, a fit of the correpons- 
ing infrared contour in the Spitzer image indicates an el- 
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for a stellar mass- loss rate M = 10 Mq yr 1 , mass- 
loss velocity v m l = 100 km s - , globular-cluster velocity vgc 
= 100 km s" 1 , and ISM density p w 1.7 X 10~ 24 n g cm" 3 
(where no corresponds to the ambient ISM density). The 
derived stand-off distance r 3 is compatible with the observed 
location of the 'The Stem' at « 1.5 pc from the center of the 
cluster. In this interpretation, the low-level emission regions 
around X2 could be consistent with ISM that was previously 
impacted and now forms a trail of shocked gas (Figure [T]). 

Next, we need to evaluat e the e nergetic budget of the 
bow shock. IFaulkner fc Smith! l|l99ll ) have already provided 
excellent estimates to compute the X-ray luminosity that 
can be emitted in bow shocks around a globular cluster. 
The actual energy input Qi n associated with the globular 
cluster can written as 



Qin = M 



(vgc + «L) 



6 x 10 34 ergs s 



(2) 



using M = 10 5 Mq yr , v m i = 100 km s 1 , and vgc 
= 100 km s _1 . With average densities n ~ 0.1-1 cm along 
the Galactic plane, Krockenbcrge r~fe Grindlavl l|l995h esti- 
mated that the corresponding fraction of the energy input 
that could be transferred to X-ray emission lies between 
10~ 4 and 0.1 of Qi„. Converting Q in implies an X-ray lu- 
minosity in the range 6 x 10 30 - 6 x 10 33 ergs s _1 of the 
total. This range nicely brackets the derived X-ray luminos- 
ity L x ~ 10 32 ergs s" 1 at the distance of GLIMPSE-C01. 

Spectrally, the interpretation is more complicated. 
Postshock temperatures T po3t from a bow shock are ex- 
pected to be T poa t ~ 1.4 x 10 5 v\ 00 K, where wioo 
is the velocity of the cluster i n units of 100 km s _1 
l|Krockenberger fc Grindlavl [T995). X-ray photons at this 
temperature would be most abundant in the 0.1-0.5 
keV band. Instead, the X-ray temperature derived from 
Raymond-Smith fit l|Ravmond fc Smith! \wrh to the 'The 
Stem' indicates much harder emission with T~2x 10 7 K. 
The same applies to the X2 region that is most prominent 
in the the 2-5 keV band. Assuming that the X-ray emission 
is thermal in origin, such high temperature would require a 
globular cluster moving at an unrealistic vgc > 1,000 km 



iKrockenberger fc Grindlavl l|l995h argued that the hard 
X-ray emission may instead be formed by non-thermal emis- 
sion generated as relativistic electrons in the bow shock in- 
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verse Compton scatter cluster photons to harder X-ray en- 
ergies. Coincidentally, a fraction of the unresolved emission 
detected near the centre is generally hard (see Figure [2]). 
This supply of 'hard' photons from the cluster core could po- 
tentially scatter off electrons accelerated within the shock. 
However, it is not entirely clear that there are enough mildly 
relat ivistic electrons within the cluste r to support this pro- 
cess l|Krockenberger fc Grindlavlll995h . 

Alternatively, the hard emission could be due to 
non-thermal bremsstrahlung produced by a population of 
supra thermal electrons at the bow shock ( Okad a et al.l 
120071 ). Measurements near the Earth's bow shock have re- 
vealed such population of suprathermal electrons in the 1— 
20 keV range with a power-law spectrum of index T > 3 
l|Gosling et al.| [l989). The biggest uncertainty in this sce- 
nario is the actual number of suprathermal electrons carried 
by the bow shock. In order to estimate the required value, 
lOkada et all (2007) obtained an expression that relates the 
number of suprathermal electrons in the bow shock to X-ray 
luminosity given by Lx(0.5 - <i.5keV) = 7.4 x 10 30 iV., ie no 
ergs s _1 , where N s t e denotes the total number of suprather- 
mal electrons in units of 10 54 . This estimate implies that 
a population of 7 x 10 54 suprathermal electrons must be 
available across the bow shock to reproduce the observed 
emission. 

Assuming that the bow shock covers 10 percent of a 
sphere of 9 r c radius (where r c ~ 0.17 pc represents the core 
radius) with an annulus width of 0.2 pc, we find a maximum 
of suprathermal electrons given by N ste ~ 2 x 10 55 no?7. Here, 
r\ represents the fraction of suprathermal elec trons associ- 
ated w ith the bow shock. Using the estimate bv lOkada et al.l 
|2007l ). we find that a value of nor] > 0.35 is required. As 
previously stated, it is difficult to estimate no and r\ di- 
rectly from the data. Therefore, future X-ray observations 
and modelling must clarify this issue. 

We close by noting that numerous models have been 
investiga ted to explain the evacuation of gas from globular 
clusters (ISpergel|[l99ll ; iFreire et all 1200 ll ). However, if the 
bow shock interpretation of 'The Stem' is correct, these ob- 
servations would provide direct evidence of a mechanism for 
removing intracluster gas on Galactic scales. Under this sce- 
nario, the vast amount of stellar ejecta accumulated during 
the orbit of the globular cluster would be stripped during 
successive passages through the ISM in the Galactic plane. 

4.3 Alternative explanations 

Because we cannot directly derive a distance to the source 
of extended emission, there is always a chance that 'The 
Stem' is produced by a foreground or background source 
completely unrelated to a PWN or a globular cluster pas- 
sage. Spectral fitti ng with an absorbed MEKAL component 
|Mewe et al.lll995T ). commonly used to describe gas in galaxy 
clusters, results in an unacceptable Xred ~ 2.1. Furthermore, 
the positional coincidence between the X-ray and infrared 
images, alongside the high extinction esti mated for this line 
of sight Ak ~ 9 (|Kobulnickv et aT]|2005l ) most likely rules 
out an extragalactic origin for the X-ray emission. 

Probably, the only outstanding explanation is a 
non-t hermal radio filament (|Yusef-Zadeh. Morris, fc Chancel 
1984). However, we find such possibility unlikely as no 
prominent radio-emitting filament has been revealed in this 



general region. Nevertheless, since none of the proposed ex- 
planations has been proven conclusively, it is important to 
leave open the option of a new type of X-ray source with 
unique properties. Perhaps a novel emitter remains to be 
found, but such issue is beyond the scope of this work. 



5 CONCLUSIONS AND FUTURE WORK 

In view of our discussion, two leading explanations emerge 
to explain the source of extended emission in the outskirts 
of GLIMPSE-CO 1. First, based purely on its purported X- 
ray luminosity and physical size, 'The Stem' may repre- 
sent a PWN lacking a central point-like source. If so, 'The 
Stem' becomes the most notable object in the 95-percent 
confidence error contour of unidentified Fermi source 0FGL 
J1848. 6-0138. The alternative model, a potentially more in- 
triguing explanation for the extended source of emission, is 
that 'The Stem' traces back to a bow shock produced as the 
globular cluster GLIMPSE-C01 passes through the Galactic 
plane. If confirmed, the latter explanation would indicate 
that GLIMPSE-C01 is losing part of its intracluster gas in 
the process. More generally, it would provide evidence of the 
systematic stripping of intracluster gas on Galactic scales 
long predicted by a number of theoretical models. However, 
given the unusual nature of this source, it is also possible 
that 'The Stem' represents a new type of X-ray emitter. 

With these findings at hand, it is critical to determine 
the radial velocity and proper motion of GLIMPSE-C01 
through alternative means. In addition, deeper X-ray obser- 
vations of this region are needed to refine the current mod- 
elling of the X-ray emission. We envision two vital tests that 
may conclusively trim these models. First, the orbit of the 
GLIMPSE-C01 must agree with the placement of the pur- 
ported bow shock. Second, radio/X-ray pulsation searches 
must aim for a pulsar within the extended emission and place 
stricter constraints on the radio component. Given the heavy 
crowding around this region, we believe that GLIMPSE-C01 
makes an exquisite target for the newly refurbished Hub- 
ble Space Telescope that would result in the most accurate 
proper motion measurements of the globular cluster. 
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